New South Wales and southern Queensland populations of two eusocial, stingless bees, (Trigona carbonaria and T. australis) were examined for enzyme variation at 20 gene loci. The high level of interspecific variation (60 per cent fixed gene difference) contrasted sharply with the absence of intraspecific variation over a 1400 km range. Factors which might underlie this effect such as reduced heterozygote advantage, inbreeding and low environmental variability within and between nests are discussed.
1975). Thus populations in which this variation is absent or at very low levels offer valuable contrasts in the study of evolution.
Of the hundreds of species whose level of genetic variation has been assessed by enzyme electrophoresis, twelve outcrossing species (Avise and Selander, 1972; Bonnell and Selander, 1974; Pamilo et a!., 1978a; Pamilo et a!., 1978b; Selander et a!., 1974; Snyder 1974; Webster et a!., 1972) and three self fertilising species (Foltz eta!., 1982) have shown no variation at all. Four of the outcrossing species reported as being monomorphic were vertebrates; a cave dwelling Astyanax fish, an Anolis lizard, a pocket gopher and an elephant seal. Interestingly, the remaining eight monomorphic, outcrossing species were members of the same order: Hymenoptera, the social insects. Furthermore, in other electrophoretic studies, many Hymenopteran species have displayed levels of genetic variation significantly lower than that of species from other orders. Explanations for these observations have included reduced heterozygote advantage, inbreeding, and the relative environmental stability conferred by the nest microhabitat. The low levels of electrophoretic variation displayed by Hymenopteran species pose genetic questions worthy of further investigation.
Trigona is a large Hymenopteran genus of eusocial stingless bees, not previously studied electrophoretically. Its fourteen subgenera have a tropical distribution and two subgenera and some twelve species are represented in Australia. One species in each Australian subgenus has penetrated as far as southern Queensland and New South Wales, where they compose a relatively isolated series of populations in this extreme southern limit of the genus. Here we report the levels of electrophoretic variation at 20 gene loci in these two species, Trigona carbonaria Smith and Trigona australis Friese. T. carbonaria and T. australis were sampled from 65 nests at the sites indicated in fig. 1 and table 1. Bees were captured by holding a plastic bag over the nest entrance and then were immediately frozen in liquid nitrogen. Further samples were collected from bees which were foraging on flowers or collecting the sap exuded from turpentine trees (Syncarpia glomulifera (Sm.) Niedenzu) after a small wedge of bark and wood had been cut from the tree trunk. Trigona is strongly and specifically attracted to turpentine sap and may be collected for 24-48 hours. 10 -
Tissue extracts were prepared for electrophoresis by crushing individual bees in 10 l of a lysing solution (0.1 ml 2-mercapto-ethanol: 10 mg NADP: 10 ml H20). The resulting exudate was applied to starch gel and run at 4°C, under the conditions noted in table 2. Histochemical staining for the twelve specific gene-enzyme systems analysed (table 2) were minor modifications of standard procedures (Harris and Hopkinson, 1976) . Preliminary trials showed that whole organism extracts were as satisfactory as separate head, thorax or abdomen extracts and that frozen bees displayed comparable activity to freshly killed specimens.
RESULTS
Twelve enzyme systems which, by comparison with other insects tentatively represent 20 gene loci, were successfully analysed by starch gel electrophoresis. The electrophoretic states (bands on the gel-table 3) distilled water, where buffer A (pH 6.6) is 866 g Tris, 48•4 g citric acid in 11 distilled water).
The remaining enzymes were run for 35 hours at 10 volts/cm with EDTA-Boric Acid Tris Buffer (Electrode buffer 15 g EDTA, 100 g boric acid, 1515 g Tris (Sigma 7-9) in 2.5 1 distilled water (dilute 1:5 for use in tanks); gel buffer 1: 10 dilution of electrode buffer). recorded, indicate that although there were considerable differences between T. australis and T. carbonaria, individual and nest variation within each species was absent. All proteins assayed within each Trigona species were monomorphic.
Percentage fixed gene differences (percentage of loci fixed for alternative alleles in the compared groups), derived from the 20 loci scored, give a measure of the genetic differentiation between the groups. Within both species there were no fixed gene differences between nests. However, between T. carbonaria and T. australis, a 60 per cent fixed gene difference was recorded.
Dscusso
There is a striking contrast between the total lack of genetic variation within the New South Wales and southern Queensland Trigona species and the high level of divergence between them. The interspecific fixed gene difference is considerably greater than that typically observed between congeneric species (Avise, 1976) yet the intraspecific variation is much lower than normally observed (Powell, 1975) . Perhaps the species separated early in their evolutionary history and attained their present state of divergence by independent evolution at an extremely gradual rate. Alternatively, they may have diverged in a sudden burst of evolution then stabilised to their current state.
More difficult to accommodate with theory is the mechanism maintaining the genetic uniformity within species over such an extensive range (16 populations over 1400 km in T. carbonaria; 5 populations over 400 km in T. australis). 1-lartl (1971) has shown that the expected level of variability under heterozygote advantage is lower for haplodiploid than for comparable diploid populations. Thus, a reduced extent of heterozygote advantage may contribute to the observed monomorphism.
Another selection model proposed to account for monomorphism in some Hymenopteran species is low nest environmental variability (Snyder, 1974; Pamilo et a!., 1978a; Pamilo et a!., 1978b) . Within Hymenopteran nests, the environmental fluctuations are likely to be far lower than the fluctuations in the gross external environment. For instance, Trigona spinipes continuously maintained a nest temperature of 35 1°C while ambient temperatures varied from 15 to 25°C (Zucchi and Sakagami, 1972) . Within a series of nests maintaining similar microenvironinents, the selective forces may be relatively uniform and could contribute to the lack of intraspecific variation observed. However, to maintain all the gene loci assayed in an unvarying homozygous state in all Trigona nests sampled, would require extreme selective forces. Thus, nest environmental stability is unlikely, by itself, to fully account for the lack of intraspecific variation.
Inbreeding within a small population has been used to explain the observed monomorphism in the elephant seal, Mirounga angustirostris (Bonnell and Selander, 1974) , the lizard Anolis angusticeps (Webster et a!., 1972) and the cave fish Astyanax mexicanus (Avise and Selander, 1972) . Similarly, in social Hymenoptera, small effective population sizes arising from the social structure of the colonies could lead to inbreeding. In Trigona, for example, probably only three or four reproductives, out of a nest of thousands of bees contribute genetically to the next generation.
Thus the effective population size is very low and a high level of inbreeding must occur unless specific outbreeding mechanisms have evolved. As the frequencies of deleterious recessive alleles in the haplodiploid Hymenoptera should be low, since they are constantly eliminated in the haploid males, close inbreeding is possible without a severe reduction in viability (Pamilo et al., 1978b) .
Inbreeding, however, does not satisfactorily explain the Trigona data as inbred populations tend to display local fixed gene differences and these were not found. Theoretical studies in population genetics indicate that very low levels of migration (in the order of one individual exchanging between populations per generation) are sufficient to maintain uniformity between adjacent populations (Kimura and Ohta, 1971) . Trigona live in dense clusters of colonies and the drones swarm. Thus, migration between neighbouring clusters of colonies may be possible and a fine balance between migration and inbreeding could underlie the phenomenon observed. The stability of such a fine balance is, however, questionable.
Alternatively, all nests of a particular species sampled in this study may be derived from a single ancestral nest and insu.flicient time may have elapsed since this founding event for new electrophoretic variants to have arisen by mutation and become fixed in local populations. The plausibility of this model cannot be assessed until the vagility of Trigona reproductive castes is known.
